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[54] [Title of the Invention] 

Stent for Intravital Placement 
[57] [Abstract] 

[Objective] To provide a DLC-coated stent for intravital 
placement, wherein said DLC film is difficult to peel off and has 
a low content of free carbons. 

[Means to Achieve the Objective] A stent (10) for intravital 
placement comprised of stent substrate (11) , carbon ion implantation 
layer (12) which is formed on the surface of said stent substrate 

(11) and diamond-like carbon film (13) which is formed on said carbon 
ion implantation layer (12). 

[Figure] 

13: DLC film 

12 : carbon ion implantation layer 
11: stent substrate 

13 DLC « 



1 Numbers in the margin indicate pagination in the foreign text. 
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[What is Claimed is:] 
[Claim 1] 

A stent for intravital placement, characterized in that said stent 
is comprised of a stent substrate, a carbon ion implantation layer 
which is implanted in at least one part of the surface of said stent 
substrate and a diamond-like carbon film, which is formed on said 
carbon ion implantation layer. 
[Claim 2] 

The stent for intravital placement as set forth in claim 1, 
characterized in that said diamond-like carbon film is a laminated 
layer. 
[Claim 3] 

The stent for intravital placement as set forth in claim 1 or 2, 
characterized in that said diamond-like carbon film is formed at 
least on the inner surface of said stent substrate. 
[Claim 4] 

The stent for intravital placement as set forth in claim 1 or 2, 
characterized in that said diamond-like carbon film is formed on 
the outer surface and the inner surface of said stent substrate. 
[Claim 5] 

The stent for intravital placement as set forth in claim 1 or 3, 
characterized in that the thickness of said diamond-like carbon 
film is 0.1 to 2 urn. 
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[Claim 6] 

The stent for intravital placement as set forth in claim 1 or 5, 
characterized in that said diamond-like carbon film is formed by 
repeating the carbon ion implantation and coating process. 
[Claim 7] 

The stent for intravital placement as set forth in claim 1 or 6, 
characterized in that said multilayer diamond-like carbon film is 
formed by a process wherein, after the carbon ion implantation and 
coating process is repeated, the carbon vapor deposition is 
interrupted and then the carbon ion implantation and coating process 
is repeated again. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a stent for intravital placement 
which is used for improving stenosis parts in a living body such 
as blood vessels, bile ducts, trachea, esophagus, urethra and other 
organs . 
[0002] 

[Prior Arts] 

A stent is a tubular device for keeping blood vessels and other 
dissected lumens open and used to improve stenosis parts such as 
blood vessels. The stent is classified into a self-expandable stent 
and a balloon-expandable stent depending on the functions and 
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placement methods. The balloon-expandable stent does not have a 
expanding function. In the balloon-expandable stent, after the 
stent is inserted into the target part, the balloon placed inside 
the stent is expanded to the almost normal tube diameter of said 
target part and the stent is enlarged (plastic deformation) by the 
expansive force of the balloon thereby fixing the stent to the inner 
surface of said target part. 
[0003] 

It is important for the stent to have biocompatibility and an 
antithrombotic property. Therefore, it is a common practice to 
coat the surface of the stent with materials having an antithrombotic 
property. As this type of antithrombotic coating, attention has 
been paid to an amorphous carbon film called diamond-like carbon 
(DLC) . The DLC film has a property similar to diamond and has not 
only an antithrombotic property but also chemical resistance, 
abrasion resistance and an insulation property. The DLC film is 
formed by using various types of PVD (physical vapor deposition) 
or CVD (chemical vapor deposition) . Especially, ionized evaporation 
and high-frequency plasma CVD are widely used as the methods for 
the mass-production. 
[0004] 

However, the above described conventional DLC films are difficult 
to coat on curved surfaces. Especially in the case where DLC films 
are coated on a stent, due to their low adhesiveness to the stent 
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substrate, when their plastic is deformed during the expansion 
process, they are easily peeled off from the stent substrate. 
[0005] 

Furthermore, the conventional DLC films contain a large amount of 
parts with free carbons and graphite structures, which makes them 
look darkly. Free carbons are nonbonded carbons or carbon mass, 
which is attached, to the surface or ingested into the DLC film in 
the process of forming the film. The above described free carbons 
are the cause for xenophobic reaction when the stent is placed within 
the living body. 
[0006] 

Moreover, conventionally, it is difficult to manufacture a stent 
wherein, in addition to the outer surface of said stent, the inner 
surface is coated with the DLC film. 
[0007] 

[Objective to be Achieved by the Invention] 

The objective of the present invention is to provide a stent for 
intravital placement wherein the DLC films are coated not only with 
the outer surface of said stent but also with its inner surface 
and said DLC film is difficult to peel off and has a low content 
of free carbons. 
[0008] 

[Means to Achieve the Objective] 
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The stent for intravital placement of the present invention is 
characterized in that said stent is comprised of a stent substrate, 
a carbon ion implantation layer which is implanted at least in one 
part of the surface of said stent substrate and a diamond-like carbon 
film, which is formed on said carbon ion implantation layer. 
[0009] 

In the stent for intravital placement of the present invention, 
the diamond-like carbon film is preferably a laminated layer. Also, 
the diamond-like carbon film is formed at least on the inner surface 
of said stent substrate, or preferably, both the outer surface and 
the inner surface of said stent substrate. According to the present 
invention, the thickness of said diamond-like carbon film is 
preferably 0.1 to 2 urn. 
[0010] 

[Preferred Embodiment of the Invention] 

Figure 1 is a cross-sectional view illustrating the surface of the 
stent for intravital placement of the present invention. As shown 
in Figure 1, stent 10 of the present invention is comprised of stent 
substrate 11, carbon ion implantation layer 12, which is formed 
on the surface of said stent substrate 11 and diamond-like carbon 
(DLC) layer 13, which is formed on said carbon ion implantation 
layer 12. 
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[0011] 

In stent 10 of the present invention, carbon ion implantation layer 
12 is formed on the surface of stent substrate 11 and DLC film 13 
is formed on said carbon ion implantation layer 12. Therefore, 
the adhesiveness of DLC film 13 is favorable, and DLC film 13 is 
difficult to peel off even when stent 10 is expanded. 

11 

Also, as described below, in the stent of the present invention, 
incorporation of free carbons into DLC film 13 is prevented and 
DLC film 13 can be formed not only in the outer surface of stent 
substrate 11 but also in its inner surface. Therefore, it is possible 
to improve biocompatibility with the blood vessel wall and the 
antithrombotic property. 
[0012] 

By referring to Figures 2 and 3, an example of the entire structure 
of the stent for intravital placement of the present invention will 
be described. Figure 2 is a front view of the stent which is formed 
in a tubular shape and Figure 3 is a development view which is cut 
and developed along the axial direction of the stent of Figure 2 . 
In stent 10 of Figures 2 and 3, a plurality of (in this example, 
five) components 21 (21a, 21b, 21c, 21d and 21e) , which are shaped 
in rhomboids having open centers, are arranged encircling the center 
axis of stent 10 and the side parts of each component 21 is connected 
to connecting parts 22 (22a, 22b, 22c, 22d and 22e) thereby forming 
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circular units 23. The lengths of each component 21 are longer 
in their axial direction than in their circumferential direction. 
Here, the shape of component 21 is not limited to a rhomboid but 
may be an ellipse or a polygon other than a rhomboid. All components 
21 are arranged in places having almost the same distance from the 
center axis of stent 10 and five components 21 form a curvature 
in the circumferential direction so as to create a circle. A 
plurality of (in this example, eight) of circular units 23a, 23b, 
23c, 23d, 23e, 23f , 23g and 23h are arranged in the axial direction 
of stent 10. Each of circular units 23 is connected to its adjacent 
circular unit by connecting parts 24 (24a, 24b, 24c, 24d, 24e, 24f 
and 24g) , which connect each of connecting parts 21 thereby forming 
a tubular body as a whole. Connecting parts 23 are extended slightly 
diagonally to the center axis of stent 10 (in this example, about 
12 °) and each of connecting parts 23 is arranged spirally along 
the circumferential direction of stent 10. 
[0013] 

Here, the edge parts of components 21, which constitute the circular 
units on the two edges of stent 10, are shaped in semiellipses so 
as to give sufficient expanding properties to said edges and decrease 
damage to the blood vessel wall and the balloon. 
[0014] 

Stent 10 has a diameter suitable for inserting itself into the living 
body and is extended when a force expanding ourwards is given from 
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the inside of the tubular body. In the above described stent 10, 
an edge part of component 21 of circular unit 22 penetrates a V-shaped 
or trapezoid-shaped space which is formed between two different 
components 21, .which are adjacent to each other and contained in 
another circular unit 22, which is adjacent to first circular unit 
22. .In this way, the edge parts of components 21 are overlapped 
in the , circumferential direction of stent 10. Therefore, it is 
possible to arrange many circular units 23 along the axial direction 
of stent 10 with a predetermined length. As a result, even when 
stent 10 is extended and the lengths of each component 21 in the 
axial direction of stent 10 are decreased, the gaps on the side 
surface of stent 10 are not increased thereby making it possible 
to more securely expand the stenosis parts of. blood vessels and 
favorably maintain the expanded states. Also, connecting parts 
23 are arranged spirally along the circumferential direction of 
stent 10, but not continuously extended to make a straight line. 
As a result, when one circular unit 22 is changed to follow a blood 
vessel and consequently generates a burden, it is possible to prevent 
said burden from transmitting to other circular units 22, which 
are not adjacent to first circular unit 22, and independently expand 
each of circular units 22. 
[0015] 

The diameter of stent 10, when it is not expanded, is preferably 
about 1.2 to- 1.8 mm, more preferably, 1.3 to 1.6 mm. The length 
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of component 21 in the axial direction of stent 10 is preferably 
about 1.5 to 4.0 mm, or more preferably, 2.0 to 2.0 mm. The length 
of the parts where two components 21 of two adjacent circular units 
23 are overlapped in the axial direction of stent 10, is preferably 
0.5 to 1 mm. The distance between each center point of two adjacent 
components 21 which are contained in two adjacent circular units 
23, is preferably 1.3 to 2.5 mm. Connecting parts 24 are preferably, 
inclined to the center axis of stent 20 [10] by about 0 to 30 °, 
or more preferably, 5 to 25 °. The length of connecting part 24 
is preferably 1.4 to 2.7 mm. The number of circular units 23 is 
preferably 6 to 10. 
[0016] 

The thickness of components 21, which constitute circular units 
23 located in the two edge parts of stent 10, is preferably the 
3/5 to 4/5 of the thickness of components 21, which constitute 
circular units 23 located in the center part of stent 10, more 
practically, about 0.05 to 0.07 mm. 
[0017] 

As the material for the stent substrate, it is preferable to use 
the one with certain biocompatibility . Examples of the material 
include stainless steel, tantalum or tantalum alloy, platinum or 
platinum alloy, gold or gold alloy and cobalt or cobalt-base alloy. 
As an example of stainless steel, it is preferable to use SUS316L 
which has excellent corrosion resistance. 
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[0018] 

The type of stent shown in Figures 2 and 3 can be manufactured by 
processing the pipe made of the above described materials by using 
a laser-processing method. After the finel shape of a stent is 
made, it is preferable to anneal said stent. By annealing the stent, 
the flexibility and plasticity of the stent as a whole are improved 
and the placement of the stent into distorted blood vessels is 
improved. As a result, after the stent is expanded, the force to 
restore the pre-expanded shape of the stent can be decreased. 
Especially, after the stent is expanded within distorted blood 
vessels, the force to restore the linear shape of the stent can 
be decreased. Consequently, the physical stimulation given to the 
distorted blood vessel wall can be decreased and the contributing 
factor for the repeated stenosis can be decreased. The stent is 
annealed in an inactive gas ambient (for example, argon gas) so 
that no oxidized film is formed on the surface of the stent and 
after the stent is heated at 200 °C, it is preferable that said 
stent is slowly cooled. After the stent is shaped, it may be plated 
with precious metals such as gold and platinum. 

Zi 

[0019] 

A balloon-expandable stent is described above, but the present 
invention is not limited to this stent and can be applied to a 
self-expandable stent and the like. 
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[0020] 

The stent of the present invention can be manufactured by using 
the device shown in Figures 4 and 5. Figure 4 is a longitudinal 
sectional view of the device and Figure 5 is its transverse sectional 
view. This device repeatedly performs ion implantation based on 
plasma and a coating process based on plasma. 
[0021] 

The air of vacuum container 31 is discharged by air displacement 
pump 32 and an inactive gas such as argon gas or hydrogen gas is 
introduced into vacuum container 31 from gas source 33. Rotating 
axis 35 supported by bearing 34 is inserted to the bottom part of 
vacuum container 31 and holder 36 is mounted on the upper edge of 
said rotating axis . Rotating axis 35 is rotated by motor 37 . Tubular 
stent substrate 11 is placed on and rotated by holder 36. Arc 
evaporation sources 39, which have cathodes 38 made of carbons, 
are placed in five locations of vacuum container 31 so that said 
arc evaporation sources surround stent substrate 11. Arc power 
supply sources 40, which supply arc-discharge voltage, and switches 
41, which turn on/off the application of the arc-discharge voltage, 
are placed between each arc evaporation sources 39 and vacuum 
container 31 which also functions as the anode. Furthermore, bias 
power supply source 42, which applies negative pulsing bias voltage 
to substrate 11 based on the voltage of vacuum container 31, and 
switch 43, which turns on/off the application of the pulsing bias 
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voltage, are placed between vacuum container 31 and rotating axis 
35. 

[0022] 

To manufacture the stent of the present invention, negative direct 
current arc-discharge voltage V A is applied from arc power supply 
sources 40 to arc evaporation sources 39 based on the voltage of 
vacuum container 31, and at the same time, negative pulsing bias 
voltage V B is applied from bias power supply source 42 to stent 
substrate 11 based on the voltage of vacuum container 31. Figure 
6(A) shows the waveform diagram of direct current arc-discharge 
voltage V A and Figure 6(B) shows the waveform diagram of pulsing 
bias voltage V B . 
[0023] 

The DLC film is coated on the stent substrate by using the above 
described device in the following manner: When an arc-discharge 
voltage is applied from arc power supply sources 40 to arc 
evaporation sources 39, an arc discharge is generated. While direct 
current arc-discharge voltage V A is applied, the arc discharge in 
each arc evaporation source 39 is maintained and plasma 50 containing 
carbon ions is generated in the vicinity of each cathode 38 which 
is made of carbons. Under this condition, when a negative pulsing 
bias voltage is applied from pulsing bias power supply source 42 
to stent substrate 11, the carbon ion implantation to stent substrate 
11 is alternated with the laying-up of the DLC films on said stent 
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substrate. In other words, during the period when pulsing bias 
voltage V B is applied (pulse width is W) , carbon ions are extracted 
at an accelerated rate through the plasma sheath, which is formed 
along the surface of stent substrate 11, and said carbon ions are 
implanted to the surface of stent substrate 11 in the vertical 
direction. By this carbon ion implantation, carbon ion implantation 
layer (boundary layer) 12 is formed on the surface of stent substrate 
11. During the period when pulsing bias voltage V B is not applied, 
carbon ions are accumulated on carbon ion implantation layer 12 
thereby forming DLC film 13. 
[0024] 

As described above, since the carbon ion implantation is alternated 
with the DLC film coating process and the layers are laminated, 
the adhesive strength of the DLC film is improved and the peeling 
resistance is increased. Furthermore, since a plurality of arc 
evaporation sources are arranged so that they surround stent 
substrate 11 and plasma spreads to the space in the vicinity of 
the cathodes, it is possible to implant carbon ions from the 
surrounding of stent substrate 11. As a result, it is possible 
to implant carbon ions not only to the outer surface of the stent 
substrate having three-dimensionally complex shape, but also to 
the inner surface of said stent substrate. 
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[0025] 

The pulsing bias voltage of Figure 6(B) is preferably -5 kV to - 
200 kV, or more preferably, - 30 kV to - 125 kV. Also, by' 
appropriately setting the pulse width of the pulsing bias voltage, 
it is possible to apply higher negative bias voltage to stent 
substrate 11 without causing breakdown. From this perspective, 
the pulse width is preferably 10 us to 10 ms, or more preferably, 
10 us to 100 ]is. The frequency is preferably 100 Hz to 10 kHz, 
or more preferably, 100 Hz to 200 kHz. 
[0026] 

Here, when a thick DLC film is created in one process, free carbons 
are generated in the vacuum container, which are ingested into the 
DLC film or easily attached to the surface. To prevent generation 
of free carbons, it is preferable to laminate DLC films with 
desirable thickness several times and create multilayered DLC films. 
In other words, thin DLC films are created in one process and then, 
as shown in the right side of Figures 6(A) and (B) , by controlling 
switches 41 and 43 and turning off the application of the direct 
current arc-discharge voltage and pulsing bias voltage, the ion 
implantation and the DLC film coating process are interrupted. Then, 
the ion implantation and the DLC film coating process are resumed. 
That is, it is preferable that the process of forming the DLC films 
and the process of interrupting the formation of the DLC films are 
repeated several times. Here, the entire thickness of DLC film 
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13 is preferably 0.1 to 2 urn, or more preferably, 0.5 to 1 urn. 
This is because, if the entire thickness of DLC film 13 is more 
than 2 urn, the stent is easily peeled off when it is expanded. 
Furthermore, the process of forming, and stopping the formation 
of, the DLC films is repeated 2 to 10 times, or preferably, 5 to 
10 times, thereby creating multilayered DLC film. Even in the case 
where, after the formation of the DLC films is stopped, it is resumed, 
carbon ions are implanted. Therefore, the adhesiveness of each 
layer of the DLC film is excellent. 
[0027] 

[Effect of the Invention] 

As described above in detail, in the stent of the present invention, 
a carbon ion implantation layer is formed on the surface of the 
stent substrate and a DLC film is formed on said carbon ion 
implantation layer. Therefore, the adhesiveness of the DLC film 
is excellent and it is possible to prevent peeling of the DLC film 
when the stent is expanded. 
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Furthermore, according to the present invention, the DLC film has 
a low content of free carbons and can be formed both on the outer 
surface and the inner surface of the stent substrate. As a result, 
it is possible to provide a stent with excellent biocompatibility 
and antithrombotic property. 
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[Brief Description of the Drawings] 
[Figure 1] 

Figure 1 is a cross-sectional view illustrating the surface state 
of the stent of the present invention. 
[Figure 2] 

Figure 2 is a front view of the stent of the present invention. 
[Figure 3] 

Figure 3 is a development view of the stent of the present invention. 
[Figure 4] 

Figure 4 is a longitudinal sectional view of the device which is 
used for manufacturing the stent of the present invention. 
[Figure 5] 

Figure 5 is a transverse sectional view of the device which is used 
for manufacturing the stent of the present invention. 
[Figure 6] 

Figure 6 is a waveform diagram of a direct current arc-discharge 
voltage and a waveform diagram of a pulsing bias voltage. 
[Explanation of the Codes] 
10: stent 

11: stent substrate 

12: carbon ion implantation layer 

13: diamond-like carbon film 

21: component 

22: connecting part 
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23: circular unit 

24: connecting part 

31: vacuum container 

32: air displacement pump 

33: gas source 

34: bearing 

35: rotating axis 

36: holder 

37 : motor 

38: cathode 

39: arc evaporation source 

40: arc power supply source 

41 : switch 

42: bias power supply source 

43: switch 

[Figure 1] 
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13: DLC film 

12: carbon ion implantation layer 
11: stent substrate 


[Figure 2] 



39: arc evaporation source 
36: holder 
[Figure 5] 
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[Figure 3] 
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